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Introduction
This document is for the summary and discussion based on the contributions submitted to RAN1#96bis AI 7.1.4.1.
As work plan (R1-1905436) of this WI, the recommended order of discussion is as below.
	1
	Issue 4-A / 5-A 
	Channel coding/Modulation order: agreeable

	2
	Issue 1
	On how to configure sidelink resource pool

	3
	Issue 2
	SL BWP configurations (with Uu BWP)

	4
	Issue 3
	Use cases of physical channels within a slot (multiplexing)

	5
	Issue 4
	PSCCH mapping and DMRS

	6
	Issue 5
	PSSCH mapping and DMRS

	7
	Issue 6
	PSFCH mapping (also DMRS if needed)

	8
	Issue 7
	Other RS’s designs

	9
	Issue 8
	AGC/Tx-Rx switching time handling



RAN1 had offline session for this agenda on April 8th with the following topics
1. Channel coding/Modulation order (4A)
2. Multiplexing among PHY channels (3A)
3. assumptions on SCI size for evaluation of PSCCH design (4E)

During RAN1#96bis, RAN1 will have further offline discussion for the following topics.
1. Qm for PSCCH: QPSK (4A)
2. Multiplexing between PSCCH/PSFCH (3D)
3. Separation of RP for unicast/groupcast/broadcast, and Mode1/Mode2 (1D, 1E)
4. FD DMRS pattern for PSSCH (5C)
5. TD DMRS pattern for PSSCH (5D)
6. SCI contents candidates (4E)
7. AGC handling (8)




Issues for discussion 
Issue 1. Resource Pool
A. Whether a resource pool consists of contiguous PRBs or not. Configuration and granularity
There are two options as below (as agreed in RAN1#AH1901).
· Option 1. The resource pool always consists of contiguous PRBs. [Huawei, HiSilicon 1], [Intel 4], [Lenovo, Motorola Mobility 8], [TCL 11], [ZTE, Sanechips 12], [China Telecommunications 13], [Qualcomm 15], [ITL 17], [Panasonic 22], [InterDigital 24], [NTT 26], [Ericsson 28]
· To avoid in-band emission problem [1, 11, 13]
· Non-contiguous configuration can be covered by multiple contiguous configurations [4, 17, 24]
· To avoid resource fragmentation [8, 15, 17]
· To reduce signaling overhead [11, 13, 24, 28]
· More standardization effort to allow non-contiguous PRBs in a RP [12]
· To avoid large MPR issue [15]
· Option 2. The resource pool can consist of non-contiguous PRBs. [vivo 2], [Samsung 6], [NEC 9], [Spreadtrum 10], [OPPO 14], [Nokia, Nokia Shanghai Bell 19], [LG Electronics 27]
· For flexible and efficient resource pool management [2, 9, 10, 19, 27]
· For better coexistence with Uu interface [2, 6, 10, 14, 27]
· For forward compatibility [6]
· To have frequency diversity [9]
· Contiguous PRBs in RP is not necessarily for CP-OFDM [9] 
· Observation: It seems that both options have quite motivations to support. One proponent [11] also explains benefits of Option2 while one proponent [19] also explains a benefit of Option 1. Main motivation of Option 2 is for sidelink operations in a licensed band. 
· Proposal for agreement
· Support (pre-)configuration of a resource pool consisting of contiguous PRBs
· Also, support configuration of a resource pool consisting of non-contiguous PRBs, where this configuration is provided by gNB/eNB only for sidelink operations in a licensed band
	
B. Time-domain granularity of resource pool configuration
· Indication of RP configuration with slot granularity: [Samsung 6], [Lenovo, Motorola Mobility 8], [Qualcomm 15], [Nokia, Nokia Shanghai Bell 19], [Fujitsu 21], [Ericsson 28]
· Indication of RP configuration with symbol granularity [Lenovo, Motorola Mobility 8],  [TCL 11]
· Indication of RP configuration with slot granularity for dedicated SL carrier, and symbol granularity for licensed carrier [OPPO 14]
· Observation: To avoid complicated sidelink design, slot-level indication for resource pool configuration seems better, where all the symbols in a slot are available for sidelink. But, RAN1 needs to discuss further resource pool configuration for licensed carrier.
· Proposal for agreement
· For dedicated sidelink carrier, a slot is used for granularity of resource pool configuration.
· RAN1 further discusses resource pool configuration for licensed carrier.

C. When SL BWP and Uu BWP are in the same carrier, which symbols are used for sidelink
There was three FFS points such as the time scale, relation to DL BWP including initial Uu BWP, relation in terms of frequency location and bandwidth.
· No switching delay between UL and SL [Huawei, HiSilicon 1], [ITL 17], [LG Electronics 27] while it is up to RAN4 [Intel 4], or switching delay is needed [OPPO 14]
· Simultaneous transmission for UL and SL: [Huawei, HiSilicon 1], [China Telecommunications 13], [Sharp 23]
· Discussion on numerologies of DL,UL/SL, activation/deactivation of SL BWP: [vivo 2], [Qualcomm 15]
· For available symbol for SL, 
· Only UL symbols: [Fujitsu 21], [InterDigital 24], [NTT DOCOMO 26], [LG Electronics 27]
· U+F symbols: [TCL 11]
· For FDD, SL BWP is defined in UL carrier [Panasonic 22]
· Observation: It seems that companies discussions have different points, so RAN1 needs to discuss for each topics regarding SL BWP.
· Proposal
· RAN1 discusses to down-select one of the followings
· Opt 1. For FDD, SL BWP is defined in DL carrier.
· Opt 2. For FDD, SL BWP is defined in UL carrier.
· RAN1 discusses to down-select one of the followings
· Opt 1. For TDD, only UL symbols are used for a resource pool in SL BWP.
· Opt 2. For TDD, UL and flexible symbols are used for a resource pool in SL BWP.
· RAN1 to decide whether to consider switching delay between Uu BWP and SL BWP 
· RAN1 to decide whether to support simultaneous transmissions for UL and SL

D. Separation of RP for unicast/groupcast/broadcast
  Separation of resource pools based on whether unicast, groupcast, or broadcast is used is proposed [Fraunhofer HHI, Fraunhofer IIS 5], which provides four criteria for separation, i.e., communication type, traffic type, operation type, UE locations.
· Observation: Regarding whether a resource pool (pre-)configured for a given UE is used for either unicast, groupcast, or broadcast, and whether a resource pool can be used for any two or three among unicast, groupcast, and broadcast, RAN1 needs to discuss that issue before other topics of PHY channel structures.
· Proposal for Conclusion
RAN1 will concludes on which Alt is assumed for designing physical sidelink channels/signals/procedures.
· Alt1. For a given UE, a single (pre-)configured resource pool can be used for any combination of unicast, groupcast, and broadcast.
· Alt 2. For a given UE, a single (pre-)configured resource pool can be used for only one of unicast, groupcast, and broadcast.
· Alt 3. For a given UE, a single (pre-)configured resource pool can be used either for broadcast or for unicast/groupcast.
· Need to discuss
· Q1) For a given resource pool (RP), do we allow that the RP can be used for more than one pair of UEs? E.g.., can two pairs of Tx/Rx UEs share the same RP?
· Q2) For a given RP, can different configurations on some features be used? E.g., for some period of time, HARQ feedback is enabled, and for other period of time, HARQ feedback is disabled.

E. Separation of RP for Mode 1 and Mode 2
During the discussion in RAN1#96bis, there is no common understanding on how to use a resource pool for Mode 1 and Mode 2 operations.
· Observation: There are two options: 1) a resource pool can be used only either for Mode 1 or for Mode 2, and 2) a resource pool can be used both for Mode 1 and for Mode 2.
· Proposal for Conclusion
RAN1 will concludes on which Alt is assumed for designing physical sidelink channels/signals/procedures.
· Alt1. For a given UE, a single (pre-)configured resource pool can be used only either for Mode 1 or for Mode 2.
· Alt 2. For a given UE, a single (pre-)configured resource pool can be used both for Mode 1 and for Mode 2.


Issue 2. Sidelink (SL) BWP
A. Relationship with Uu BWP (DL BWP/UL BWP) and available symbols for SL
There was three FFS points such as the time scale, relation to DL BWP including initial Uu BWP, relation in terms of frequency location and bandwidth.
· No switching delay between UL and SL [Huawei, HiSilicon 1], [ITL 17], [LG Electronics 27] while it is up to RAN4 [Intel 4], or switching delay is needed [OPPO 14]
· Simultaneous transmission for UL and SL: [Huawei, HiSilicon 1], [China Telecommunications 13], [Sharp 23]
· Discussion on numerologies of DL,UL/SL, activation/deactivation of SL BWP: [vivo 2], [Qualcomm 15]
· For available symbol for SL, 
· Only UL symbols: [Fujitsu 21], [InterDigital 24], [NTT DOCOMO 26], [LG Electronics 27]
· U+F symbols: [TCL 11]
· For FDD, SL BWP is defined in UL carrier [Panasonic 22]
· Sidelink slot format [Fraunhofer HHI, Fraunhofer IIS 5] 
· Observation: It seems that companies discussions have different points, so RAN1 needs to discuss for each topics regarding SL BWP.
· Proposal
· RAN1 discusses to down-select one of the followings
· Opt 1. For FDD, SL BWP is defined in DL carrier.
· Opt 2. For FDD, SL BWP is defined in UL carrier.
· RAN1 discusses to down-select one of the followings
· Opt 1. For TDD, only UL symbols are used for a resource pool in SL BWP.
· Opt 2. For TDD, UL and flexible symbols are used for a resource pool in SL BWP.
· RAN1 to decide whether to consider switching delay between Uu BWP and SL BWP 
· RAN1 to decide whether to support simultaneous transmissions for UL and SL

Issue 3. PSCCH/PSSCH/PSFCH multiplexing within a slot
A. Multiplexing of PSCCH and PSSCH
There was a working assumption on Option 3 for multiplexing of PSCCH and PSSCH. There was no concrete conclusion for Option 1A/1B/2.
· To confirm the working assumption to support Option 3 [vivo], [Intel], [NEC], [TCL], [Qualcomm], [ITL], [Mitsubishi], [Nokia, NSB], [CATT], [Panasonic], [InterDigital], [NTT DOCOMO], [LG Electronics], [Ericsson]
· For Option 1B, support additionally [vivo], [Spreadtrum], [OPPO], [NTT DOCOMO] vs. not support [Intel], [NEC], [Qualcomm], [ITL], [Mitsubishi]
· For Option 2, support additionally [InterDigital]
· Observation: Majority companies support Option 3 multiplexing while Option 1B needs more discussion. Other options seem not to get many supports.
· Proposal for agreement (offline consensus)  agreed
· The starting symbol and the number of symbols for a PSCCH are assumed to be known to the receiving UE before decoding the PSCCH.

· Proposal
· Confirm the working assumption to support Option 3 for multiplexing between PSCCH and PSSCH, where there is at least one symbol having PSSCH only.
· FFS on flexibility on the number of symbols for PSCCH
· FFS support Option 2 for multiplexing between PSCCH and PSSCH. RAN1 to decide whether to support Option 2 in RAN1#97.
· Proposal	
· Alt 1. One candidate number of symbols for PSCCH is used for all SCS.
· Alt 2. One candidate number of symbols for PSCCH is specified per SCS.
· Alt 3. Two candidates number of symbols for PSCCH are defined, where one candidate number is less than or equal to 3 and another candidate number is more than 7. One length of PSCCH is configured per resource pool.
· Alt 4. One length of PSCCH is configured per resource pool. The candidate number of symbols for PSCCH is less than [x].
· Alt 5. One length of PSCCH is configured per BWP. The candidate number of symbols for PSCCH is less than [x].


B. PSCCH-only transmission within a slot
This is related to whether cross-slot scheduling and CSI report triggering are supported or not. In this agenda, [MediaTek] proposes to support cross-slot scheduling and [Huawei, HiSilicon], [vivo] proposes to support CSI report triggering by PSCCH-only transmission. 
· Observation: RAN1 needs to discuss this topic.
· Proposal
· RAN1 to discuss whether to support PSCCH-only transmission within a slot for a given UE, i.e., whether PSCCH transmission without the associated PSSCH is supported or not.

C. PSFCH-only transmission within a slot
· Observation: Most of discussion papers seem to discuss PSFCH structure with the assumption of PSFCH-only transmission within a slot. Even though RAN1 did not discuss this topic explicitly, but it seems to be agreeable.
· Proposal for agreement
· For a given UE, PSFCH-only transmission within a slot is supported for NR sidelink.

D. Multiplexing between PSCCH/PSSCH and PSFCH
[OPPO], [MediaTek] proposes only TDM between PSCCH/PSSCH and PSFCH while [InterDigital] proposes FDM as well as TDM. 
· Observation: RAN1 needs to discuss this topic.
· Proposal for Agreement
· RAN1 down-selects between the following alternatives.
· Alt 1. For transmission perspective of a UE, only TDM between PSCCH/PSSCH and PSFCH is allowed in Rel-16.
· i.e., there is no simultaneous transmission of PSCCH and PSFCH and there is no simultaneous transmission of PSSCH and PSFCH.
· FFS on for reception perspective of a UE
· Alt 2. For transmission perspective of a UE, both TDM and FDM between PSCCH/PSSCH and PSFCH are allowed in Rel-16.
· i.e., there can be simultaneous transmission of PSCCH and PSFCH and there can be simultaneous transmission of PSSCH and PSFCH.
· FFS on for reception perspective of a UE

Issue 4. PSCCH design
A. Channel coding and modulation order for PSCCH
[Intel], [Samsung], [MediaTek], [TCL], [Xiaomi], [NTT DOCOMO], [Ericsson] proposes to reuse channel coding of Rel-15 PDCCH for PSCCH.  [NTT DOCOMO] proposes to use QPSK for PSCCH.
· Observation: There seems no other proposals for this topic. Also, considering WI time limitation, it is recommended to reuse channel coding as much as possible. Similarly, QPSK can be used for modulation order of PSCCH 
· Proposal for agreement (offline consensus)  agreed
· Polar code adopted for Rel-15 NR DCI is applied to PSCCH.
· LDPC codes used for Rel-15 NR DL-SCH is applied to a transport block delivered by PSSCH.

· Proposal for Agreement
· QPSK is used for PSCCH.
· Proposal for Agreement
· Transmission of 2 TBs in a PSSCH is not supported.


B. Two-stage SCI
In RAN1#96, there was discussion whether to support two-stage SCI and its applicability to different transmissions (unicast/broadcast/groupcast). In RAN1#96bis, [Fraunhofer HHI, Fraunhofer IIS 5], [MediaTek 7], [Lenovo, Motorola Mobility 8], [TCL 11], [ASUSTeK 16], [Panasonic 22], [InterDigital 24], [NTT DOCOMO 26], [Ericsson 28] proposes to use 2-stage SCI. 
· First SCI can be used for receiving broadcast transmission [7], [16], [22], [24].
· Performance of 2-stage SCI better than 1-stage SCI [7], [24]
· Flexibility and resource efficiency [7], [16], [22], [24]
· Better decoding complexity [24], [28]
· Better sensing accuracy [26]
· For use of pre-emptive resource allocation [5]
· Where to deliver the second SCI: PSCCH vs PSSCH piggyback [24]
There are also discussion that SCI contents and use cases are needed first before this discussion [Samsung 6], [ZTE, Sanechips 12]. 
· Observation: Some companies showed the evaluation results that 2-stage SCI outperforms 1-stage SCI with their own assumptions on SCI contents. Since there are many variants of 2-stage SCI, it’s better to converge the option for 2-stage SCI. Majority companies among 2-stage proponents discuss propose to use only the first SCI for decoding broadcast transmission.
· Proposal for agreement
· For SL broadcast transmission, a single SCI is used to decode PSSCH.
· RAN1 discusses the following in RAN1#96bis
· Whether to support the use case of mixture of unicast/groupcast/broadcast in a given resource pool
· SCI contents for unicast/groupcast/broadcast
· Which physical channel is used for 2nd SCI, if 2-stage SCI is supported.

C. Number of symbols for PSCCH
How many symbols are used for PSCCH should be discussed. 
· Opt 1. Reuse Rel-15 NR PDCCH design (up to 3 OFDM symbols)
· Opt 2. More than 3 OFDM symbols can be used for PSCCH, but not all symbols for sidelink within a slot [Intel 4]
· Opt 3. All symbols for sidelink within a slot can be used for PSCCH [Huawei, HiSilicon 1], [TCL 11]
· Observation: It seems there are not much discussion on the number of PSCCH symbols. There is also proposal to discuss first SCI content before deciding PSCCH resources [LG Electronics 27].
· Proposal
· RAN1 further discusses the number of symbols for PSCCH.

D. DMRS for PSCCH
For frequency-domain pattern for PSCCH DMRS, the following options are proposed.
· Opt 1. Reuse Rel-15 NR PDCCH DMRS [Huawei, HiSilicon], [Samsung], [NEC], [OPPO], [Qualcomm], [CATT], [Fujitsu], [InterDigital], [LG Electronics]
· Opt 2. Modified version of Rel-15 NR PDCCH DMRS (frequency shift in the second symbol) [Intel 4]
· Opt 3. Use PSSCH DMRS for decoding PSCCH [Xiaomi 25]
· Observation: Majority companies propose to reuse the DMRS pattern in the frequency-domain of Rel-15 NR PDCCH DMRS for PSCCH DMRS. It seems better to reuse Rel-15 design as much as possible, not repeating discussion of detailed design. Due to lack of discussion in time-domain resource for PSCCH, the time-domain pattern is FFS. But, with the same principle, if PSCCH is supported up to 3 OFDM symbols, then Rel-15 NR PDCCH DMRS is the baseline for time-domain pattern for PSCCH DMRS.
· Proposal for agreement
· For frequency-domain pattern for PSCCH DMRS, reuse Rel-15 NR PDCCH DMRS.
· If RAN1 decides that PSCCH is supported up to 3 OFDM symbols, then Rel-15 NR PDCCH DMRS is the baseline for time-domain pattern for PSCCH DMRS.

E. SCI Contents
Five companies analyzed the contents in SCI [MediaTek 7], [ZTE, Sanechip 12], [Qualcomm 15], [Panasonic 22], [LG Electronics 27]. 
· 1-stage SCI assumed: [12], [27]
· 2-stage SCI assumed: [22]
· Both assumed: [7], [15]
· Observation: There are common contents proposed by companies such as HARQ ID, NDI, MCS, source ID, destination ID. However, there are some contents proposed, which needs discussion first whether to support the related feature or not. Based on the company inputs, the candidate SCI contents can be provided as below for further discussion.
· Proposal
· For SCI contents, RAN1 discusses the following 
· Whether to support slot aggregation 
· Whether to support flexible DMRS indicated by SCI
· Whether to support frequency hopping within a TTI
· Whether to include the information on resource reservation, zone ID, time gap between initial transmission and retransmission, retransmission index
· Proposal for conclusion (offline consensus)  agreed
· For the purpose of evaluation of PSCCH design, RAN1 assumes 60 bits, 90 bits, 120 bits as the total SCI sizes including 24 bits CRC.
· Other sizes are not precluded.

For further discussion (proposed observation)
· RAN1 discusses further the assumption of the size(s) and/or contents of SCI(s) for the purpose of further evaluation and discussion.
· The following candidate bit fields in SCI(s) are considered for the purpose of further evaluation and discussion.
	
	
	
	
	
	For 2-stage SCI
	

	Bit field
	candidate size
	unicast
	groupcast
	broadcast
	1st SCI
	2nd SCI
	Note for Need to agree

	HARQ process number
	[1-4]
	O
	O
	[O]　　
	[O]　　
	[O]　
	agreed in RAN1-#AH1901

	NDI
	1
	O
	O
	[O]　　
	[O]　　
	[O]　
	agreed in RAN1-#AH1901

	RV
	2
	O
	O
	[O]　　
	[O]　　
	[O]　
	agreed in RAN1-#AH1901

	Layer-1 source ID
	[8-24]
	O
	O
	
	[O]
	[O]
	agreed in RAN1-#AH1901

	Layer-1 destination ID 
	[8-24]
	O
	O
	[O]
	O
	　
	agreed in RAN1-#AH1901

	frequency-domain resource assignment for scheduling PSSCH
	[8]
	O
	O
	O
	O
	　
	size dependent on BW/sub-channel size

	MCS
	[5]
	O
	O
	O
	O
	　
	seems needed

	CRC
	24
	O
	O
	O
	O
	O
	needed

	QoS indication
	3
	O
	O
	O
	O
	　
	Discussed in AI of QoS on bit field size and which parameter will be used for this

	CSI indication
	[1]
	O
	
	
	
	O
	need to discuss in AI of procedure

	CSI request
	[1]
	O
	　
	　
	　
	O
	use case agreed only for unicast

	Antenna port(s)
	[2]
	O
	[O]
	[O]
	[O]
	[O]
	related to #layer/DMRS ports

	DMRS sequence initialization
	[1]
	O
	[O]
	[O]
	[O]
	[O]
	whether to support dynamic changes of DRMS sequence initialization
- may be not needed for V2X

	PTRS-DMRS association
	[1-2]
	O
	[O]
	[O]
	[O]
	[O]
	whether to support PTRS-DMRS association
- may be not needed for V2X

	CBGTI
	[0-8]
	O
	O
	　
	　
	O
	whether to support CBG or not

	resource reservation
	[4]
	O
	O
	O
	O
	　
	in AI of resource allocation 

	Time gap between initial transmission and retransmission 
	[4]
	O
	O
	O
	O
	　
	in AI of resource allocation 

	Retransmission index
	[1-2]
	O
	O
	O
	O
	　
	in AI of resource allocation 

	Transmission format /cast type indicator
	[1-2]
	O
	O
	O
	O
	　
	need to discuss

	Zone ID
	[10]
	　
	O
	　
	　
	O
	in AI of procedure

	NACK distance
	[5]
	　
	O
	　
	　
	O
	in AI of procedure

	HARQ feedback indication
	[1-2]
	O
	O
	　
	　
	O
	in AI of procedure

	time-domain resource assignment for scheduling PSSCH
	[3]
	O
	O
	　
	　
	O
	whether to support multi-slot scheduling/slot aggregation

	second SCI indication
	[2-4]
	　
	　
	　
	O
	　
	only for 2-stage SCI

	DMRS pattern
	[2]
	O
	O
	O
	O
	　
	whether to support dynamic indication of DMRS pattern


· Note: This is not intended to support the features associated to each bit field.
· Note: This does not have any implication on the size of each bit field.
· Other bit fields are not precluded for NR SCI format(s).

	From NR DCI formats
	From LTE SCI format 1
	From new proposals

	· FD resource assignment
· HARQ process number
· NDI
· RV
· MCS
· CSI request
· Antenna port(s)
· CBGTI
· DMRS sequence initialization
· PTRS-DMRS association
· CRC
	· Priority (QoS)
· resource reservation
· Time gap between initial transmission and retransmission 
· Retransmission index
· Transmission format
	· source ID
· destination ID
· Zone ID
· NACK distance
· HARQ feedback indication
· Cast type indicator



F. Others topics
· Granularity of PSCCH mapping: fixed value [Intel], [ZTE, Sanechips]
· Support transmit diversity scheme: [Intel], [TCL], [Qualcomm], [Panasonic]
· Sequence randomization for DMRS: [Intel]

Issue 5. PSSCH design
A. Channel coding and mapping for PSSCH
It is proposed to use LDPC codes for PSSCH [Samsung], [TCL], [Xiaomi], [NTT DOCOMO], [Ericsson]. LBRM is also mentioned by [NTT DOCOMO] to consider.
· Observation: It seems no other proposal on channel coding for PSSCH. Related to this topic, LBRM, TBS determination, frequency-first mapping can be discussed together.
· Proposal for agreement
· LDPC codes used for Rel-15 NR PDSCH is applied to PSSCH.
· FFS on CSI on PSSCH
· RAN1 to discuss the following
· Limited Buffer Rate Matching (LBRM) for Rel-15 NR PDSCH is the baseline for LBRM of PSSCH.
· TBS determination of Rel-15 NR PDSCH is the baseline for TBS determination of PSSCH.
· Frequency-first mapping is used for PSSCH.

B. Maximum modulation order supported
· Observation: There is not much discussion, while the use of 256QAM is proposed [Samsung], [NTT DOCOMO].
· Proposal
· RAN1 to discuss whether/how to support MCS tables supported in Rel-15. 
· FFS applicability for unicast, groupcast, broadcast

C. Frequency-domain DMRS pattern for PSSCH
Regarding the frequency-domain DMRS pattern, the following options are proposed.
· Opt 1. Use Rel-15 PDSCH DMRS type 1 as a baseline for PSSCH DMRS: [MediaTek 7], [Spreadtrum 10], [TCL 11], [ZTE, Sanechip 12], [China Telecommunications 13], [OPPO 14], [Qualcomm 15], [Nokia, NSB 19], [InterDigital 24], [LG Electronics 27], [Ericsson 28]
· No need to support more than 2-port PSSCH transmission
· Type 1 has better performance [24]
· Opt 2. Use Rel-15 PDSCH DMRS type 2 as a baseline for PSSCH DMRS: [Mitsubishi]
· Opt 3. Use Rel-15 PDSCH DMRS type 1 and type 2 as baselines for PSSCH DMRS: [Huawei, HiSilicon 1], [Samsung 6]
· Type 2 has better throughput performance [6]
· Opt 4. New patterns depending on SCS [Intel]
· Observation: Majority companies propose to only reuse Rel-15 PDSCH DMRS type 1 for PSSCH DMRS for frequency-domain DMRS pattern. Considering up to 2 port PSSCH transmission, Rel-15 PDSCH DMRS type 1 can be used as a baseline for PSSCH DMRS
· Proposal for Agreement
· RAN1 concludes which option is supported.
· Opt 1. Support Rel-15 PDSCH DMRS type 1 as a baseline for frequency-domain pattern of PSSCH DMRS.
· Opt 2. Support Rel-15 PDSCH DMRS type 2 as a baseline for frequency-domain pattern of PSSCH DMRS.
· Opt 3. Support Rel-15 PDSCH DMRS types 1 and 2 as a baseline for frequency-domain pattern of PSSCH DMRS.
· 
· Rel-15 PDSCH DMRS Configuration type 1 [with single-symbol] is used as the baseline for frequency-domain pattern of PSSCH DMRS.
· FFS on exact DMRS symbol position within a slot, e.g., reuse Rel-15 DMRS position(s) or define new position(s)
· Note: “single-symbol DMRS” is as described as Subclause 6.4.1.1 of TS38.211.

D. Time-domain DMRS pattern for PSSCH
One issue is whether to support multiple patterns for a given resource pool are supported or not. Multiple patterns are supported per RP for PSSCH DMRS [Huawei, HiSilicon 1], [vivo 2], [Sony 3], [NEC 9], [TCL 11], [China Telecommunications 13], [Qualcomm 15], [Mitsubishi 18], [Nokia, NSB 19]
· Not only for SCS, but also for different speed, multiple patterns are needed [1, 2, 3, 13, 15, 18]
· Communication type/range [3]
· Reflect channel status [9, 11, 15, 18]
· Traffic pattern [11, 18]

Single pattern is supported per RP for PSSCH DMRS [Intel 4], [Spreadtrum 10], [ZTE, Sanechip 12]. 
· Single pattern should cover various cases in the RP [10, 12]
· Interference between UEs [10]
    There is other discussion on data-to-DMRS interference for PSSCH due to multiple DMRS pattern [Ericsson 28].
· Observation: Among companies to discuss this topic, majority supports time-domain multiple pattern of PSSCH DMRS per resource pool. From evaluation results, [28] shows a limited degradation from collision. 
· Proposal
· Single-symbol DMRS is used as the baseline for frequency-domain pattern of PSSCH DMRS.
· FFS on exact number of DMRS symbols and its positions within a slot, e.g., reuse Rel-15 DMRS position(s) or define new position(s)
· Note: “single-symbol DMRS” is as described as Subclause 6.4.1.1 of TS38.211.
· Proposal
· For a given SCS, multiple PSSCH DMRS patterns per a resource pool for unicast, groupcast, or broadcast in time domain are supported
· FFS on whether choosing DMRS pattern is up to implementation of Tx UE
· FFS on details on time-domain pattern, e.g., Opt 1. Reuse Rel-15 PDSCH DMRS time-domain patterns, Opt. 2 New time-domain patterns

E. Others
· Support pre-coder cycling for PSSCH
· Resource allocation of PSSCH: starting PRB of PSSCH is related to PSCCH resource mapping. [MediaTek], [OPPO]
· DMRS sequence generation and scrambling: [Fujitsu]

Issue 6. PSFCH design
A. Short/Long PSFCH format(s)
For short PSFCH, there are proposals to have PUCCH format 0 as the baseline of short PSFCH [Qualcomm], [CATT], [InterDigital], [NTT DOCOMO], [LG Electronics], [Ericsson]
Additionally, there are proposals to have PUCCH format 1 as the baseline of long PSFCH format [Huawei, HiSilicon], [Spreadtrum], [TCL], [Fujitsu], [InterDigital] mainly for larger coverage.
· Observation: Companies proposing long PSFCH format are basically supporting short PSFCH format.  
· Proposal for agreement
· Rel-15 PUCCH format 0 is the baseline for a PSFCH format.
· FFS on the number of symbols for this PSFCH format
· FFS on the number of PRB(s)
· FFS on whether to support long PSFCH format spanning all available symbols for sidelink in a slot

B. Others
· Comb-type mapping of PSFCH [Ericsson]
· Timing gap between PSSCH and associated PSFCH
· Associated with the corresponding PSSCH [Huawei, HiSilicon], [ZTE, Sanechip]

Issue 7. Other Reference Signals 
A. Sidelink CSI-RS
For SL CSI measurement, the following options are proposed.
· Opt 1. Use newly defined SL CSI-RS [Huawei, HiSilicon], [Samsung], [OPPO], [Qualcomm], [NTT DOCOMO], [LG Electronics], [Ericsson]
· Opt 2. Reuse PSSCH DMRS [Intel]
· Opt 3. Reuse PSCCH DMRS [Intel], [OPPO]
· Opt 4. Use AGC training signal
· Observation: Majority supports newly defined SL CSI-RS. [Intel] shows that using DMRS for CSI acquisition does not bring no performance degradation compared to ideal case. If RAN1 decides to define new RS for CSI, then how the new SL CSI-RS looks like should be decided.
· Proposal
RAN1 discusses this topic in AI 7.2.4.5.

B. Sidelink SRS
· Observation: There is one proposal not to support Rel-15 SRS-like sidelink RS in Rel-16 for reciprocity-based link adaption/measurement [Qualcomm]. This is to avoid complicated sidelink channel structure and procedure like channel access and AGC.  
· Proposal for agreement
· Do not support Rel-15 SRS-like sidelink RS in Rel-16 for reciprocity-based link adaption/measurement

C. Sidelink PT-RS
· There is one proposal for sidelink PT-RS pattern in FR2 [Mitsubishi] to reuses Rel-15 NR PT-RS time-domain pattern and configuration.  
· Proposal for agreement
· Rel-15 PT-RS is the baseline for sidelink PT-RS. 


Issue 8. Handling AGC and Tx/Rx switching gap
A. Whether to define preamble/RS/signal for AGC training 
· Observation: AGC becomes an issue for NR sidelink due to larger SCS and different mapping from LTE V2X [Samsung]. So, there is proposal to define AGC training signal [Samsung]. But, since there can be other way to handle AGC issue, AGC training signal is not needed [Huawei, HiSilicon], [Ericsson].  
· Proposal 
RAN1 to discuss the following options to handle AGC 
· Opt 1. Define AGC training preamble/RS/signal
· Opt 2. Use comb-type mapping
· Opt 3. Leave up to UE implementation


Issue 9. Other aspects
[TBD]
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Appendix: Previous agreements
Agreements in RAN1#94
Agreements:
· At least PSCCH and PSSCH are defined for NR V2X. PSCCH at least carries information necessary to decode PSSCH.
· Note: PSBCH will be discussed in the synchronization agenda.
· RAN1 continues study on the necessity of other channels. 
· Further study on
· Whether/which sidelink feedback information is carried by PSCCH or by another channel/signal.
· Whether/which information to assist resource allocation and/or schedule UE’s transmission resource(s) is carried by PSCCH or by another channel/signal.
· PSCCH format(s) and content(s) for unicast, groupcast, and broadcast
Agreements:
· RAN1 to continue study on the physical channel considering at least the following aspects:
· Waveform
· Candidates: CP-OFDM, DFT-s-OFDM
· Proposals from companies:
· CP-OFDM only
· Support both
· Consideration points:
· Different channel can have different waveform?
· Benefit and impact of supporting only one waveform and supporting both waveforms
· Subcarrier spacing
· Candidates for further study are: 
· FR1: 15 kHz, 30 kHz, 60 kHz, 120 kHz 
· FR2: 30 kHz, 60 kHz, 120 kHz, 240 kHz
· Companies are encouraged to consider the potential issues and benefit of introducing new subcarrier spacing.
· CP length
· RS design
· Candidates are:
· DM-RS
· DM-RS defined in Rel-15 NR Uu is the starting point.
· PT-RS
· CSI-RS
· SRS
· AGC training signal
· Channel coding
· For data, channel coding defined for data in Rel-15 NR Uu is the starting point.
· For control, channel coding defined for control in Rel-15 NR Uu is the starting point.
· Modulation
· RE mapping and rate-matching
· Scrambling

Agreements:
· RAN1 continues study on the necessity, benefits and relationship between bandwidth part and resource pool.

Agreements:
Agree the following assumptions as tentative assumptions for the simulation at least till RAN1#94bis
· AGC
· Up to [15] us in FR1. Up to [10] us in FR2.
· TX/RX switching time
· [13] us in FR1 and [7] us in FR2
· Time error
· Up to [0.4] us between a UE and its synchronization reference
· Frequency error
· Up to [0.1] PPM between a UE and its synchronization reference

Agreements:
RAN1 to continue study on multiplexing physical channels considering at least the above aspects:
· Multiplexing of PSCCH and the associated PSSCH (here, the “associated” means that the PSCCH at least carries information necessary to decode the PSSCH).
· Study further the following options: 
· Option 1: PSCCH and the associated PSSCH are transmitted using non-overlapping time resources.
· Option 1A: The frequency resources used by the two channels are the same.
· Option 1B: The frequency resources used by the two channels can be different.
· Option 2: PSCCH and the associated PSSCH are transmitted using non-overlapping frequency resources in the all the time resources used for transmission. The time resources used by the two channels are the same.
· Option 3: A part of PSCCH and the associated PSSCH are transmitted using overlapping time resources in non-overlapping frequency resources, but another part of the associated PSSCH and/or another part of the PSCCH are transmitted using non-overlapping time resources.
Illustration of the above options:
[image: ]

Agreements in RAN1#94bis 
Agreements:
· NR sidelink supports the SCSs supported by Uu in a given frequency range, i.e., {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2.
· FFS the supported CP length
· Baseline is that a UE is not required to receive sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
· Baseline is that a UE is not required to transmit sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels

Continue discussion on the waveform till next meeting – companies are encouraged to perform more analysis/evaluations.

Agreements:
For PSCCH and associated PSSCH multiplexing
· At least one of Option 1A, 1B, and 3 is supported.
· FFS whether some options require transient period between PSCCH and PSSCH.
· FFS whether to support Option 2

R1-1812017
Agreements:
Sidelink control information (SCI) is defined.
SCI is transmitted in PSCCH.
SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH.
NDI, if defined, is a part of SCI.
Sidelink feedback control information (SFCI) is defined.
SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.
FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.
FFS how to include other feedback information (if supported) in SFCI.
FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel
FFS in the context of Mode 1:
whether/how to convey information for SCI on downlink
whether/how to convey information of SFCI on uplink

Agreements:
At least resource pool is supported for NR sidelink
Resource pool is a set of time and frequency resources that can be used for sidelink transmission and/or reception.
FFS whether a resource pool consists of contiguous resources in time and/or frequency.
A resource pool is inside the RF bandwidth of the UE.
FFS how gNB and other UEs know the RF bandwidth of the UE
FFS if BWP (if defined) can be used to in defining at least part of resource pool
FFS if the numerology of a resource pool is indicated as a part of (pre-)configuration for resource pool, carrier, band, or BWP (if defined)
UE assumes a single numerology in using a resource pool.
Multiple resource pools can be configured to a single UE in a given carrier.
FFS how to use multiple resource pools when (pre-)configured.
FFS BWP is supported for NR sidelink
FFS whether RAN1 can assume that at most one BWP is configured in a carrier from the system perspective.
It is RAN1 understanding that, in some cases, the entire system bandwidth is covered by a single BWP.
FFS the details of BWP configurations, including the possibility of restricting the number of BWPs
FFS whether BWP for TX and RX is separated or a common BWP applied to both TX and RX
There is at most one activated sidelink BWP for a UE in a given carrier as in the Uu case
Further study the feasibility, benefit, and impact of sidelink BWP switching
Aim to conclude in RAN1#95
Companies are encouraged to provide more analysis, including checking current Rel-15 specification regarding BWP related text

Agreements in RAN1#95 
Agreements:
· At least CP-OFDM is supported.
· Continue study on whether to support DFT-S-OFDM including the potential issues and the following potential benefit:
· Synchronization coverage enhancement
· PSCCH coverage enhancement, e.g., with Option 2 of PSCCH/PSSCH multiplexing with the restriction that PSCCH and PSSCH use adjacent frequency resources
· Feedback channel coverage enhancement
· A single waveform is used in all the sidelink channels in a carrier.
· Note: A sequence based channel can be supported in any waveform.
· (Pre-)configuration will be used to determine the used waveform if the specification supports multiple waveforms.
Agreements:
· For PSCCH/PSSCH in FR1, NR V2X supports normal CP for 15kHz, 30kHz, 60kHz, and extended CP for 60kHz.
· FFS extended CP for 30 kHz in FR1.
· FFS CP for PSCCH/PSSCH in FR2
· E.g., NR V2X supports normal CP for 60kHz and 120kHz, and extended CP for 60kHz
· FFS extended CP for 120 kHz in FR2.
· Only one combination of CP length and SCS is used in a carrier at a given time for NR V2X UEs communicating with each other using SL

Agreements:
· BWP is defined for NR sidelink.
· In a licensed carrier, SL BWP is defined separately from BWP for Uu from the specification perspective.
· FFS the relation with Uu BWP.
· The same SL BWP is used for both Tx and Rx.
· Each resource pool is (pre)configured within a SL BWP. 
· Only one SL BWP is (pre)configured for RRC idle or out of coverage NR V2X UEs in a carrier. 
· For RRC connected UEs, only one SL BWP is active in a carrier. No signalling is exchanged in sidelink for activation and deactivation of SL BWP.
· Working assumption: only one SL BWP is configured in a carrier for a NR V2X UE
· Revisit in the next meeting if significant issues are found
· Numerology is a part of SL BWP configuration. 
Note: This does not intend to make restriction in designing the sidelink aspects related to SL BWP.
Note: This does not preclude the possibility where a NR V2X UE uses a Tx RF bandwidth the same as or different than the SL BWP.

Working assumption:
· Regarding PSCCH / PSSCH multiplexing, at least option 3 is supported for CP-OFDM.
· RAN1 assumes that transient period is not needed between symbols containing PSCCH and symbols not containing PSCCH in the supported design of option 3.
· FFS how to determine the starting symbol of PSCCH and the associated PSSCH
· FFS for other options. e.g. whether some of them are supported to increase PSCCH coverage.

Send an LS to RAN4 to ask the following for options 1A/1B/3 (adding details of 1A/1B/3 in the LS) – R1-1814089, which is endorsed with the following updates:
· Fixing email address
· “identified” to “are studying”
Final LS in R1-1814165

Working assumption:
· For RAN1 evaluation purpose only, until RAN4 response on AGC and switching time, it is assumed that one symbol is used for AGC and another one symbol is used for TX/RX switching.
Note: TX/RX switching includes transition in the power amplifier.

Agreements in RAN1AH-1901
Conclusion: 
· No extended CP is supported for 30 kHz in FR1 in Rel-16
· No extended CP is supported for 120 kHz in FR2 in Rel-16
Agreements:
· Confirm the working assumption
· Working assumption: only one SL BWP is configured in a carrier for a NR V2X UE
Agreements:
· Configuration for SL BWP is separated from Uu BWP configuration signalling.
· UE is not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at a given time.
· FFS the time scale
· FFS relation to DL BWP including initial Uu BWP
· FFS relation in terms of frequency location and bandwidth
Agreements:
· For time domain resources of a resource pool for PSSCH, 
· Support the case where the resource pool consists of non-contiguous time resources
· FFS details including granularity
· For frequency domain resources of a resource pool for PSSCH, 
· Down select following options:
· Option 1: The resource pool always consists of contiguous PRBs
· Option 2: The resource pool can consist of non-contiguous PRBs
Agreements:
· Multiple DMRS patterns in time domain are supported for PSSCH
· FFS: Whether a DMRS pattern is selected based on the subcarrier spacing
· FFS: Single or multiple DMRS pattern(s) per a resource pool
· FFS: How TX UE and RX UE can be aligned in terms of the DMRS pattern used for PSSCH
· FFS: RE mapping, sequence generation
· Continue to study DMRS pattern in frequency domain for PSSCH
· E.g. Whether multiple patterns are supported, whether PDSCH/PUSCH DMRS configuration 1 or 2 is reused.

Agreements:
· Support PT-RS for PSSCH for FR2
Conclusion:
RAN1 to conclude on the need of physical channel for discovery in RAN1#96.

Agreements in RAN1#96
Agreements:
· Rel-16 NR sidelink supports CP-OFDM only.

Agreements:
· For PSCCH/PSSCH in FR2, NR V2X supports normal CP for 60 kHz, 120 kHz, and extended CP for 60 kHz.
· Note: it is understood that PSFCH follows the same CP as PSCCH/PSSCH

Agreements:
· For the operation regarding PSSCH, a UE performs either transmission or reception in a slot on a carrier.
· NR sidelink supports for a UE:
· A case where all the symbols in a slot are available for sidelink.
· Another case where only a subset of consecutive symbols in a slot is available for sidelink
· Note: this case is not intended to be used for the ITS spectra, if there is no forward-compatibility issue. Finalize in the WI phase whether there is such an issue or not
· The subset is NOT dynamically indicated to the UE
· FFS the supported slot configuration(s)
· FFS whether/how to operate it in partial coverage scenarios

Agreements:
· At least for sidelink HARQ feedback, NR sidelink supports at least a PSFCH format which uses last symbol(s) available for sidelink in a slot.

Agreements:
· RAN1 concludes that no additional physical channel needs to be defined for the purpose of discovery in Rel-16.

Agreements:
· (Pre-)configuration indicates the time gap between PSFCH and the associated PSSCH for Mode 1 and Mode 2.

Agreements:
· In mode 1 for unicast and groupcast, it is supported for the transmitter UE via Uu link to report an indication to gNB to indicate the need for retransmission of a TB transmitted by the transmitter UE. 
· FFS the format of the indication, e.g., in the form of HARQ ACK/NACK, or in the form of SR/BSR, etc.
· RAN1 continues discussion on whether to support report from the receiver UE 
· No inter-BS communication will be considered.
To discuss aspects related to 1st sub-bullet & 2nd bullet during this week -revisit later

Agreements:
· Sidelink HARQ ACK/NACK report from UE to gNB is not supported in Rel-16.

Agreements:
· For unicast RX UEs, SL-RSRP is reported to TX UE 
· For sidelink open loop power control for unicast for the TX UE, TX UE derives pathloss estimation 
· Revisit during the WI phase w.r.t. whether or not there is a need regarding how to handle pathloss estimation for OLPC before SL-RSRP is available for a RX UE 


Agreements:
· TPC commands for SL PC are not supported

R1-1903597
Agreements:
· For sidelink groupcast, it is supported to use TX-RX distance and/or RSRP in deciding whether to send HARQ feedback.
· Details to be discussed during WI phase, including whether the information on TX-RX distance is explicitly signaled or implicitly derived, whether/how this operation is related to resource allocation, accuracy of distance and/or RSRP, the aspects related to “and/or”, etc.
· This feature can be disabled/enabled

Working assumption:
· For unicast, the following CSI reporting is supported based on non-subband-based aperiodic CSI reporting mechanism assuming no more than 4-port:
· CQI
· RI
· PMI
· CSI reporting can be enabled and disabled by configuration.
· It is supported to configure a subset of the above metric for CSI reporting.
· There is no standalone RS transmission dedicated to CSI reporting in Rel-16
· NR sidelink CSI strives to reuse the CSI framework for NR Uu.
· Discuss details during WI phase

Agreements:
· RAN1 concludes the following regarding beam management:
· Beam management is beneficial
· RAN1 has conducted limited study on the beam management.
· In FR1, it is feasible to support V2X use cases without beam management.
· In FR2, it is feasible to support some V2X use cases without beam management in some scenarios.
· Panel selection is necessary to improve the communication range in FR2.
Conclusion:
· There is no consensus in supporting beam management for normative work for NR V2X in Rel-16.
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